Introduction {#Sec1}
============

After the discovery of the Higgs particle in 2012 \[[@CR1], [@CR2]\], a task with high priority of the LHC is the search for new physics, beyond the framework of the Standard Model (SM). One of the most favoured candidates to be discovered are the supersymmetric (SUSY) particles. Their decay chains have been, therefore, extensively studied during the last two decades. Especially relevant are the decays of strongly interacting SUSY particles, squarks and gluinos. At tree-level, the leading gluino decays are those into a quark and a squark. Only when these processes are kinematically forbidden, more-body and loop-induced gluino decays become important.

The decays of the gluino in the Minimal Supersymmetric Standard Model (MSSM) were previously studied with general quark-flavour violation (QFV) in the squark sector at tree level \[[@CR3]--[@CR5]\] or including one-loop corrections with no QFV in the squark sector \[[@CR6], [@CR7]\]. In this paper we study the two-body decays of the gluino into a scalar quark and a quark at full one-loop level with general quark-flavour mixing in the squark sector of the MSSM. Such a study has been performed in detail in \[[@CR8]\]. The analytical results obtained therein, as well as the developed numerical package FVSFOLD, will be used in the current paper. Since the experiments on K-physics disfavour mixing between the first two squark generations \[[@CR9]\], we only consider mixing between the second and the third generations of squarks. More concrete, we consider scenarios where the gluino only decays into the lightest up- and down-type squarks, $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{u}_{3,\ldots ,6}, \tilde{d}_{3,\ldots ,6}$$\end{document}$ are kinematically forbidden. There exist constraints from B-physics on such mixing as well, which we take into account. The mass limits on SUSY particles as well as the theoretical constraints on the soft-SUSY-breaking trilinear coupling matrices from the vacuum stability conditions are also taken into account.

In Sect. [2](#Sec2){ref-type="sec"} we give the formulae for the QFV mixing squark system. In Sect. [3](#Sec3){ref-type="sec"} the tree-level partial two-body decay widths are derived and then the used $\documentclass[12pt]{minimal}
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                \begin{document}$$\delta ^{dRR}_{23}$$\end{document}$ and on the gluino mass. Appendix [A](#Sec6){ref-type="sec"} contains the Lagrangian for the gluino--squark--quark interaction. In Appendix [B](#Sec7){ref-type="sec"} all constraints we obey are summarised and Appendix [C](#Sec8){ref-type="sec"} gives the detailed formulae for the hard radiation of a gluon or a photon.

QFV parameters in the squark sector of the MSSM {#Sec2}
===============================================
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Two-body decays of gluino at full one-loop level in the general MSSM {#Sec3}
====================================================================

We study two-body decays of gluino into a squark and a quark, $\documentclass[12pt]{minimal}
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To cure the infrared (IR) divergences, in addition to ([13](#Equ13){ref-type=""}), we include the widths of the real gluon/photon radiation processes, $\documentclass[12pt]{minimal}
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The full one-loop contribution to the total two-body decay width, see ([13](#Equ13){ref-type=""}), is due to SUSY-QCD and electroweak corrections,$$\documentclass[12pt]{minimal}
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Numerical results {#Sec4}
=================

In order to demonstrate quantitatively our results on the gluino decay widths and branching ratios we first fix a reference scenario and then vary the QFV parameters within the allowed region. Our reference scenario fulfils all relevant theoretical and experimental constraints, which we discuss in more detail in Appendix [B](#Sec7){ref-type="sec"}. The input parameters and the physical output parameters are shown in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}, respectively. The flavour decomposition of the $\documentclass[12pt]{minimal}
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The QFV left--right mixing, described by the parameters $\documentclass[12pt]{minimal}
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Figure [2](#Fig2){ref-type="fig"} shows the relative contribution of the one-loop SQCD and the full one-loop part in terms of the tree-level result for the partial decay width (Fig. [2](#Fig2){ref-type="fig"}a) and the branching ratio (Fig. [2](#Fig2){ref-type="fig"}b) of the decay $\documentclass[12pt]{minimal}
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In Fig. [3](#Fig3){ref-type="fig"} we show dependences on the QFV parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$\delta ^{dRR}_{23}$$\end{document}$. In Fig. [3](#Fig3){ref-type="fig"}a the tree-level, the SQCD and total full one-loop widths and in Fig. [3](#Fig3){ref-type="fig"}b the relative contribution of the one-loop SQCD and the full one-loop part in terms of the tree-level result are shown. The partial decay widths as well as the branching ratios of the kinematically allowed two-body channels are shown in Fig. [3](#Fig3){ref-type="fig"}c, d, respectively. A comparison of Fig. [3](#Fig3){ref-type="fig"} with Fig. [1](#Fig1){ref-type="fig"} demonstrates the equal importance of QFV mixing in both $\documentclass[12pt]{minimal}
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Figure [4](#Fig4){ref-type="fig"} shows the relative contribution of the one-loop SQCD and the full one-loop part in terms of the tree-level result for the partial decay width Fig. [4](#Fig4){ref-type="fig"}a and the branching ratio Fig. [4](#Fig4){ref-type="fig"}b of the decay $\documentclass[12pt]{minimal}
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Figure [5](#Fig5){ref-type="fig"} shows the relative contribution of the one-loop SQCD and the full one-loop part in terms of the tree-level result for the partial decay width (Fig. [5](#Fig5){ref-type="fig"}a) and the branching ratio (Fig. [5](#Fig5){ref-type="fig"}b) of the decay $\documentclass[12pt]{minimal}
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In Fig. [7](#Fig7){ref-type="fig"}a the full one-loop part in terms of the tree-level result and in Fig. [7](#Fig7){ref-type="fig"}b the EW contribution relative to the SQCD contribution are shown for the total two-body gluino decay width as a function of $\documentclass[12pt]{minimal}
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Figure [8](#Fig8){ref-type="fig"} shows the dependence of the total two-body decay width $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Gamma (\tilde{g}\rightarrow \tilde{q}q)$$\end{document}$ on the gluino mass in our reference scenario (Fig. [8](#Fig8){ref-type="fig"}a) and in a quark-flavour conserving scenario, setting all QFV ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\delta $$\end{document}$) parameters of Table [1](#Tab1){ref-type="table"} to zero (Fig. [8](#Fig8){ref-type="fig"}b). It is seen that in the QFV scenario (Fig. [8](#Fig8){ref-type="fig"}a) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Gamma (\tilde{g}\rightarrow \tilde{q}q)$$\end{document}$ is somewhat enhanced. Because of the large $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\delta ^{uRR}_{23}|$$\end{document}$ ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\delta ^{dRR}_{23}|$$\end{document}$) the mass difference between $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{u}_{1}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{u}_{2}$$\end{document}$ ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{d}_{1}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{d}_{2}$$\end{document}$) is bigger. Consequently, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{u}_1$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{d}_1$$\end{document}$ are lighter and decays into these particles are already possible for smaller gluino masses.Fig. 8Dependence of the total two-body decay width $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Gamma (\tilde{g}\rightarrow \tilde{q}q)$$\end{document}$ at tree level (*dashed*) and full one-loop level (*solid*) on the gluino mass. **a** QFV scenario with the parameters as given in Table [1](#Tab1){ref-type="table"}; **b** QFC scenario with the parameters as given in Table [1](#Tab1){ref-type="table"}, but with all QFV ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\delta $$\end{document}$) parameters set to zero

We have compared our numerical results in the flavour conserving limit with the results obtained in \[[@CR6]\]. For their reference scenario with $\documentclass[12pt]{minimal}
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Conclusions {#Sec5}
===========

We have studied all two-body decays of the gluino at full one-loop level in the Minimal Supersymmetric Standard Model with quark-flavour violation in the squark sector. We have discussed a scenario where only the decays to $\documentclass[12pt]{minimal}
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The full one-loop corrections to the gluino decay widths are mostly negative. For the total decay width they are in the range of −10% with a weak dependence on QFV parameters for both SQCD (including gluon loops) and electroweak (including also photon loops) corrections. For the decay width into $\documentclass[12pt]{minimal}
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Interaction Lagrangian {#Sec6}
======================

The interaction of gluino, squark and quark is given byTable 4Constraints on the MSSM parameters from the B-physics experiments relevant mainly for the mixing between the second and the third generations of squarks and from the data on the $\documentclass[12pt]{minimal}
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Theoretical and experimental constraints {#Sec7}
========================================

Here we summarise the experimental and theoretical constraints taken into account in the present paper. The constraints on the MSSM parameters from the B-physics experiments and from the Higgs boson measurement at LHC are shown in Table [4](#Tab4){ref-type="table"}. The constraints from the decays $\documentclass[12pt]{minimal}
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In addition to these constraints we also require our scenarios to be consistent with the following experimental constraints:(i)The LHC limits on the squark and gluino masses (at 95% CL)  \[[@CR35]\]:In the context of simplified models, gluino masses $\documentclass[12pt]{minimal}
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